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PLURAL MOTOR TENSION CONTROLLED TAPE 
DRIVE 

The invention relates to an arrangement for driving 
a tape-shaped record carrier (tape), which arrange 
ment is provided with two direct-current motors which 
each serve to drive a reel and with a circuit for control 
ling these motors for rapid and simultaneous unwinding 
of. the record carrier from one reel and winding it on to 
the other reel or vice versa (fast forward and rewind), 
the torque delivered by the motor of the takeéup reel 
being opposed to the torque delivered by the motor of 
the supply or take-off reel. 
The invention relates in particular to an arrangement 

for driving tape-shaped record carriers accommodated 
in cassettes. Practice has shown that the friction which 
occurs in such cassettes may vary appreciably, not only 
between different cassettes but also in one and the 
same cassette. This friction is due on the one hand to 
the movement of the record carrier past guide ele 
ments, such as guide rollers and guide pins, and on the 
other hand by the mounting of the two reels in the cas 
sette casing. it will be clear that even in cassettes of the 
same make and type the value of this friction may differ 
from cassette to cassette owing to manufacturing toler 
ances, and that in cassettes of different types or makes 
these differences may be appreciably larger. Moreover, 
during the life of a cassette the value of this friction will 
vary owing to wear. Another and highly variable fric 
tion effect in cassettes is caused by the absence of 
?anges in both reels. Consequently, the record carrier 
is not laterally guided by the reels. Owing to lateral de 
viations which occur when the record carrier is being 
wound the latter will engage the cassette case, giving 
rise to a friction component which depends upon the 
winding condition of the record carrier and hence is' 
highly variable. The record carrier may even jam owing 
to poor winding so that movement is stopped and the 
record carrier is liable to be damaged.v 

irregular winding of the record carrier occurs primar 
ily during the fast forward and rewind functions. For 
example, in a known arrangement, during these func. 
tions the motor of the take-up reel is fed with a con 
stant voltage so that this reel takes up the record carrier 
at a constant speed and hence the winding time is con 
stant, whilst the motor of the supply reel is fed with a 
constant current so that this motor delivers a constant 
brake torque. in this winding method, however, the 
torque delivered by the motor for the take-up reel in 
creases so that thevtape tension, i.e., the tensile force 
exerted on the record carrier, increases during winding. 
This entails undesirably taut winding of the last part of 
the record carrier on the take-up reel, which may cause 
it to become stuck. Furthermore the absolute value of 
the instantaneous tape tension depends upon the fric+ 
tion produced in the vcassette so that for a low-friction 
cassette this tape tension will be too low, and for a high 
friction cassette this tape tension will be too high to ob 
tain regular satisfactory winding of the record carrier. 

It is an object of the invention to provide an arrange 
ment of the type described at the beginning of this 
speci?cation which venables the aforementioned dif? 
culties to be simply avoided. The invention is charac~ 
terized in that during the fast forward and rewind func 
tions one end of each of the two motor windings is con 
nected to one of the terminals of a supply source via a 
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common impedance, while the‘ other end of the wind 
ing of the take-up, motor is directly connected to the 
other terminal of the supply source and the other end 
of the winding of the take-off motor is connected to this 
other terminal of the supply source via a voltage 
dependent element the impedance of which, at least 
above a given voltage, decreases with increasing volt 
age. I 

The arrangement according to the invention ensures 
that the tape tension produced is substantially indepen 
dent of the value of the friction since-the brake torque 
delivered by the motor of the take-off reel is automati 
cally matched to the instantaneous friction. As a result, 
the value and variation of the tape tension chosen in 
.the design of the arrangement will be maintained with 
a good approximation irrespective of variations of the 
friction due to the use of different cassettes or to wear. 
Thus, irrespective of the instantaneous friction, the re 
cord carrier will always be wound on the take-up reel 
in a desired manner associated with the chosen tape 
tension. 
Moreover, the arrangement according to the inven 

tion maintains a constant winding time because the sum 
of the speeds of the take-up and take-off motors is sub 
stantially constant. Since with given diameters of the 
empty reels and given length and thickness of the tape 
the ratio between these speeds is uniquely determined 
at any instant during winding, this means that the two 
speeds are uniquely determined at any instant during 
winding, irrespective of the instantaneous friction, so 
that the winding time also is uniquely determined. 
The voltage-dependent element used may be a volt 

age-dependent resistor (VDR). ln a preferred embodi 
ment of the arrangement according to the invention a 
Zener diode is used as the voltage-dependent element. 
The use ofa Zener diode has the advantage that owing 

_ to the marked bend in the current-voltage characteris 
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tic the sum of the speeds of ‘the take-up and take-off 
reels, and hence the tape tension, are exactly deter 
mined. 
The common impedance via which one end of each 

of the two motor windings is connected to one of the 
terminals of the supply source may take the form of a 
current source. When using such a current source it is 
found that the current flowing through the winding of 
the take-up motor may be assumed to be approximately 
constant. This means that the torque exerted by this 
motor may also be assumed to be constant during the 
winding operation, which means that the tape tension 
decreases steadily during the winding function because 
the tape tension varies inversely with the diameter of 
the take-up ‘reel. 
Although in this manner satisfactory winding of the 

record carrier onto the take-up reel is obtained, it is of 
greater advantage for the tape tension to decrease to a 
lesser degree during winding. In a further preferred em 
bodiment of the arrangement according to the inven 
tion, this may be achieved by using a resistor as the 
common‘i'mpedance. This ensures that during winding 
the current ?owing through the take~up motor, and 
hence the torque delivered by this motor; increase 
steadily, which has the effect of increasing the tape ten 
sion so that the progressive decrease of the tape tension 
due to the increase ofthe diameter of the take-up reel 
may be compensated in a manner such as to provide a 
desired variation of the tape tension during winding. 
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To enable the control circuit to be of simple design 
it is desirable that the voltage-dependent element have 
a symmetrical behaviour. When a voltage-dependent 
resistor is used this may readily be achieved by employ 
ing a resistor having a symmetrical characteristic. How 
ever, a Zener diode has an asymmetrical characteristic. ' 
In order to enable a simple control circuit to be used 
in spite of the use of a Zener diode as the voltage 
dependent element, in a further preferred embodiment 
of the arrangement according to the invention, an addi 
tional Zener diode is connected in series opposition to 
the aforementioned Zener diode. This preferred em 
bodiment has the additional advantage that further pro 
visions may simply be made for transporting the record 
carrier at playback speed and for rapidly braking it to 
a standstill and the like. 
Embodiments of the invention will now be described, 

by way of example, with reference to the accompany 
ing diagrammatic drawings in which: 
FIGS. 1 and 2 show first and second embodiments of 

the invention, 
FIG. 3 graphically shows the voltages E, and E, as a 

function of time (reel speed), and 
FIG. 4 shows with additional details a third embodi 

ment of the invention. 
Referring now to FIG. 1, the windings of two identi 

cal direct-current motors M, and M2 are shown, which 
motors may each be coupled to a reel of a cassette. It 
is assumed that the record carrier is to be wound from 
the reel coupled to the motor M2 on to the reel coupled 
to the motor M,. During the winding operation both 
motor windings have one end connected, via a common 
current source I, to the positive terminal +VB of the 
supply source. It should be noted that the switches for 
switching the arrangement to the various functions, 
such as play, reverse play, fast forward and rewind, are 
not shown because they are not essential to an under 
standing of the invention. The other end of the winding 
ofthe motor M, is connected via a switch S, to the neg 
ative terminal of the supply source (for example, 
ground), the other end of the winding of the motor M, 
being connected to the negative terminal of the supply 
source via the series combination of a switch S2 and a 
Zener, diode Z. When the two mechanically coupled 
switches S, and S, are changed over, the two motor 
windings are interchanged so that the winding of the 
motor M2 is directly connected to the negative terminal 
of the supply source and the winding of the motor M, 
is connected thereto via the Zener diode Z causing the 
tape to be wound in the reverse direction, i.e., from the 
reel coupled to the motor M, on to the reel coupled to 
the motor M2. 
Assuming the switches S, and S2 to be in the positions 

shown at the beginning of the winding operation, the 
current from the current source I will be entirely ab 
sorbed by the winding of the motor M,, so that l, = l, 
because no voltages are set up across the windings of 
the motors M, and M2, since these motors are still sta 
tionary, and hence the Zener diode Z is cutoff, so that 
l, = 0. Owing to the current I, =l which flows through 
the winding of the motor M, this motor will rapidly 
start and its speed and hence the speed of the motor M, 
will rapidly increase. As a result, voltages E, and E, are 
induced across the windings of the motors M, and M,, 
respectively, which voltages are proportional to the 
speeds of the motors and rapidly increase. Neglecting 
the internal impedances of the motor windings, the in 
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4 
duced voltages E, and E2 also represent the total volt 
ages across the motor windings. Because the take-off 
motor is driven against its direction of rotation, the sum 
of the voltages E, and E, is set up across the Zener 
diode Z. If the speeds of the two motors reach values 
such that the sum voltage E, + E, equals the breakdown 
voltage of the Zener diode Z, this diode will become 
conductive and a finite current 12 will flow through the 
winding of the motor M2. As a result the motor M2 ex 
erts a brake torque which counteracts any further in 
crease of the speeds, for such further increase of the 
two speeds would involve an increase of the sum volt 
age E, + 5,, so that [2 and hence the brake torque 
would increase. Because above the breakdown voltage 
of the Zener diode the current increases greatly with 
the voltage, a condition will be reached and maintained 
at which the sum voltage E, + E2 is substantially equal 
to the Zener voltage and consequently the sum of the 
speeds of the two motors is equal to a value corre 
sponding to this sum voltage. 
Thus it is simply ensured that the sum of the speeds 

of the take-up and take-off reels always is constant irre-‘ 
spective of the instantaneous friction. Because the ratio 
between the speeds of the two reels is completely deter 
mined at any instant during winding, this means that 
the speed of each of the reels is completely determined 
at any instant irrespective of the instantaneous friction. 
FIG. 3 is a diagram which shows, by way of example, 
the variations of the voltages E, and E2 associated with 
the variations of the speeds as a function of time. It is 
assumed that at an instant to the take-up reel is empty 
and the entire tape is on the take-off reel. Assuming the 
diameter of a full reel to be, say, four times the diame~ 
ter of an empty reel, at the instant to the speed of the 
take-up reel will be four times the speed of the take-off 
reel, and hence E, = 4 E2. Assuming the winding opera 
tion to be terminated at the instant t2, i.e., at this instant 
the take-up reel is full and the take-off reel is empty, 
the ratio between the speeds of the two reels is just the 
reverse, i.e., E2 = 4E,. Furthermore, at an instant I, at 
which the diameters of the two reels are equal, the two 
speeds are equal and hence E, = E. According to the 
invention it is ensured that the sum voltage E, + E, al 
ways is constant and equal to the Zener voltage Vz, re 
sulting in the variations shown in FIG. 3 of the voltages 
E, and E,. It should be noted that the linear variations 
of the voltages E, and E2 shown in the diagram are ide 
alized. In actual fact these variations are slightly irregu 
lar, but this irregularity is not essential and does not im 
pair satisfactory operation of the arrangement. An es 
sential feature is that the step according to the inven 
tion ensures that at any instant during winding the ab 
solute value of the voltages E, and E2 and hence the ab 
solute value of the speeds is fixed, irrespective of the 
instantaneous friction. The actual waveforms of the 
voltages E, and E2 are not of importance in this connec 
tion since these waveforms are constant data. 
Although from the above it already follows that the 

winding time is constant irrespective of the instanta 
neous friction, a far more important fact will be appar 
ent from a consideration of the tape tension produced. 

When using a current source I as a common imped 
ance it is found that the torque exerted by the take-up 
motor may be regared as substantially constant during 
a winding operation, for the current 1,, flowing through 
the winding of the take-off motor M,, proves to be con 
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siderably smaller than the current I, ?owing through 
the winding of the take-up motor M,. This is due to the 
fact that owing to the guiding of the record carrier be 
tween the take-off and take-up reels via guide rollers, 
guide pins and the like a torque exerted at the take-up 
end can be compensated for'by a considerably weaker 
torque. Consequently, variations in the current I, ?ow 
ing through the winding of the take-off motor M2 cause 
only small relative variations in the current I, ?owing 
through the winding of the take-up motor M,. There 
fore, the current I, and hence the torque developed by 
the take-up motor may be assumed to be approximately 
constant. 

As is apparent from the above, the brake torque ex 
erted by the take-off motor always is automatically ad 
justed to a value such that the sum of the speeds of the 
two reels always is constant. This means, however, that 
in the case of variations of the friction produced the ' 
torque exerted by the take-off motor must be inversely 
varied to maintain the sum of the speeds at a constant 
value. This implies, however, that at any instant during 
winding the total brake force exerted on the record car 
rier, which force is composed of a component pro 
duced by the brake torque of the take-off motor and a 
component produced by the friction, has a value which 
is independent of the value of the friction. Since at any 
instant during winding the torque exerted by the take 
up motor also has a value which is independent of this 
friction, this means that at any instant during winding 
the value of the tape tension is independent of them. 
stantaneous friction. . 

This tape tension is not constant but decreases during 
winding, for with a constant torque exerted by the take 
up motor the tensile force exerted on the record car 
rier, and hence the tape tension, decrease with increase 
in the reel diameter. As has been shown hereinbefore, 
however, the variation and the absolute value of the 
tape tension is independent of the instantaneous fric 
tion and hence independent of the cassette used and of 
wear effects. This ensures that the manner of winding 
the record carrier on to the take-up reel always is iden 
tical and hence a chosen advantageous winding manner 
is always maintained irrespective of the cassette used 
and of wear effects. ' . 

The voltage-dependent element may be a voltage 
dependent resistor (VDR) instead of a Zener diode. 
However, the use of a Zener diode has the-advantage 
that owing to the sharp bend in the current-voltage 
characteristic the sum voltage E, + E, is accurately de 
fined and hence the sum of the speeds of the two reels 
is exactly fixed. 
The Zener diode may alternatively be replaced by a 

transistor the base emitter path and the base collector 
path of which are shunted by a resistor. 
FIG. 2 shows a second embodiment of the arrange 

ment according to the invention which, when com 
pared to the embodiment shown in FIG. 1, has the ad 
vantage that the switching arrangement may be sim 
pler. A first difference from the arrangement shown in 
FIG. 1 is that in the embodiment shown in FIG. 2 the 
voltage~dependent element comprises the series 
opposition combination of two Zener diodes Z, and Z, 
which is directly connected to the ends of the windings 
ofthe motors M, and M2. To reverse the winding direc 
tion only a single swtich S need be used'which in one 
position connects the end of the windingof the motor 
M, to ground and in the other position connects the 
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end of the winding of the motor M, to ground. In the 
position shown of the switch S the motor M, acts as the 
take-up motor. Regulation will be such that the sum 
voltage E, + E, is equal to the Zener voltage of the 
Zener diode 2,, because in this event the Zener diode 
Z, is connected in the forward direction. In the second 
position of the switch S, with the motor M, acting as the 
take-up motor, the Zener voltage of the Zener diode 2, 
determines the sum voltage E, + E, and the Zener 
diode Z, is connected in the forward direction. 
A second difference from the embodiment shown in 

FIG. 1 consists in the provision of a resistor R which, 
instead of the voltage source I, serves as a common im 
pedance for the two windings of the motors M, and M2. 
The use of this resistor R permits even better winding 
of the record carrier on to the take-up reel than was the 
case with the use of the current source I (see FIG. 1). 

' As has been stated hereinbefore, when using a cur 
rent source as a common impedance, the tape tension 
decreases with increasing reel diameter of the take-up 
reel. As a result the last part of the record carrier may 
be wound too loosely. A better approach to ideal wind 
ing is obtained by ensuring that the tape tension de 
creases very little during winding. 
The latter effect is obtainable by using the resistor R 

as a common impedance instead of the current source 
I, for during winding the voltage E, induced across the 
winding of the take-up motor steadily decreases (see 
FIG.‘ 3). As a result the voltage across the resistor R in 
creases so that the current ?owing through this resistor 
and hence the current I, ?owing through the winding 
of the take-up motor M, will steadily increase. Hence 
the torque exerted by the take-up motor will steadily 
increase during winding. A suitable choice ofthe values 
of the resistor and of the supply voltage V, relative to 
the voltage induced across the winding of the take-up 
motor permits of ensuring that the tendency of the tape 
tension to decrease owing to an increase of the reel di 
ameter is compensated by the increase of the torque 
exerted by the take-up motor in a manner such that a 
tape tension is obtained which decreases very slowly 
during winding, with consequent satisfactory winding 
of the record carrier. 
FIG. 4 shows a third embodiment of the arrangement 

according to the invention which largely corresponds 
to that shown in FIG. 2, but in which the switches are 
electronic switches. The switches for switching the ar 
rangement to the various functions, such as forward 
play, reverse play and fast forward and rewind, are also 
shown. 
The arrangement again includes the two windings of 

the motors M, and M2. These motors are again shunted 
by the series opposition combination of two Zener di 
odes Z, and 2,. A first electronic switch is formed by 
a transistor T, to the base of which a control signal is 
applied via a terminal 2. A second electronic switch 
takes the form of a transistor T, to the base of which 
a control signal is applied via a terminal 3. The posi 
tions of these two electronic switches determine the di 
rection'of rotation, i.e., the direction of movement of 
the record carriers, both in “play” and in “wind" (fast 
forward and rewind). 
The arrangement includes a third electronic switch 

which comprises a transistor T3 in conjunction with a ' 
diode D,, a resistor R, and a transistor T.,, a control sig 
nal being applied to this switch via the terminal 1. This 
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third switch ensures the change-over from “play” to 
“wind” and vice versa. 
The arrangement further includes a fourth electronic 

switch which comprises a transistor T6 to which a con 
trol signal is applied via a terminal 4. This fourth elec 
tronic switch serves to bring the arrangement to the 
stop condition. _ 

The junction point of the two windings of the motors 
M, and M2 on the one hand is directly connected to the 
emitter of the transistor T4 and on the other hand is 
connected, via the collector emitter path of a pnp tran 
sistor T5, the base of which is connected via a resistor 
R6 to the collector of the transistor T6, to the junction 
point of the two Zener diodes. 
The arrangement employs two supply voltages (indi 

cated by + and -l—l- in the Figure), the supply voltage in 
dicated by + being, for example, 8 volts and that indi 
cated by -H- being, for example, 24 volts. 
Both in “play” and in “wind”'the control voltage at 

the terminal 4 is low so that the transistor T6 is cut off 
and consequently the transistor T5 also is cut off, break 
ing the connection between the junction point of the 
two Zener diodes and the junction point of the two 
motor windings. - 

For the “wind” functions the control voltage applied 
to the terminal 1 is low so that the transistor T3 is cut 
off and its collector voltage is high. As a result the 
diode D, is cut off so that the base voltage of the tran 
sistor T4 is high and consequently this transistor is con 
ductive. Under these circumstances a current is sup 
plied to the junction point of the two motor windings 
via a resistor R2, which corresponds to the resistor R of 
FIG. 2. The winding direction is determined by the con 
trol signals at the terminals 2 and 3. If the voltage at the 
terminal 2 is high and that at the terminal 3 is low, the 
transistor T, is conducting and the transistor T, is cut 
off. The winding of the motor M, then is connected to 
ground via the transistor T,, while the winding of the 
motor M2 is connected to ground via the series opposi 
tion combination of the Zener diodes and the said tran 
sistor T,, resulting in a situation which corresponds to 
that shown in FIG. 2 in which the motor M, acts as a 
take-up motor and the motor M, as a take-off motor. 
When the control voltages are interchanged, i.e., the 
voltage at the terminal 2 is low and that at the terminal 
3 is high, the situation will be exactly opposite, the 
motor M2 acting as the take-up motor and the motor 
M, as the take-off motor. 
To rapidly terminate the wind and play functions, 

i.e., at “stop,” the voltage at the terminal 4 is made 
high and that at the other terminals 1, 2 and 3 is made 
low. Thus the transistor T8 and hence the transistor T5 
will conduct. As a result, the winding of the take-off 
motor is short-circuited via the Zener diode, which for 
this motor winding is connected in the forward direc 
tion, and the transistor T_-,, so that this motor develops 
a large brake torque and movement is rapidly stopped. 
Thus, the Zener diode also acts as a freewheeling diode 
for this motor winding. 
To ensure that at standstill the record carrier remains 

taut it is desirable that both motors should continue to 
deliver small opposed torques. This is ensured by 
means of a diode D3 and a resistor R, which establish 
a connection between the winding of the motor M, and 
the collector of the transistor T6 and by means of a 
diode D4 and a resistor R, which establish a connection 
between the winding of the motor M2 and the collector ' 
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8 
of the transistor T6. At standstill the collector of the 
transistor T6 is approximately at ground potential per 
mitting a current to flow through both motor windings 
so that the two motors produce opposed torques. 

In “play" the voltage at the terminal 1 is high with the 
result that the transistor T4 is cut off. Consequently no 
motor current can be supplied via the resistor R2. The 
current required for the take-up motor now is supplied 
via the series combination of the resistor R3 and the 
diode D2, which series combination at one end is con 
nected to the lower (+) of the two supply voltages and 
at the other end to the junction point of the two motor 
windings. The choice between “forward play” and “re 
verse play“ is again made by means of the control volt 
ages at the terminals 2 and 3 which cause the supplied 
current to be absorbed either by the winding of the 
motor M, or by the winding of the motor M2‘. In this 
configuration it is desirable that the winding of the 
take-up motor also carries a small current to produce 
a small brake torque in order to ensure that the record 
carrier remains taut. This is achieved by including a re 
sistor R4 between the junction point of the Zener di 
odes Z, and Z2 and the collector of the transistor T3. 
Because in “play” the collector voltage of the transistor 
T3 is substantially 0 volts, a current will ?ow via the 
winding of the take-off motor, the Zener diode which 
then is connected in the forward direction and the re 
sistor R4, the value of this current being determined by 
the voltage across the winding of the take-up motor and 
the value of the resistor R4. The series opposition com 
bination of the Zener diodes plays no further part in 
“play” because for this function the speeds of the two 
motors are so low that the sum of the voltages across 
their windings is appreciably smaller than the Zener 
voltage. 
The supply of current in “play” via the resistor Rgand 

the diode D2 in the circuit arrangement shown also is 
useful in “wind.” As has been set forth with reference 
to FIG. 2, during fast forward or rewind the voltage 
across the winding of the take-up motor steadily de 
creases. 

This means that the voltage at the emitter of the tran 
sistor T4 also steadily decreases. When this voltage has 
decreased to a value such that the diode D2 becomes 
conductive (this diode normally is cut off owing to the 
supply voltage applied to the resistor R2 being higher 
than that applied to the resistor R3), an additional cur 
rent is suddenly supplied to the winding of the take-up 
motor and the torque produced by this motor in 
creases. A proper choice of the relevant values permits 
of ensuring that with cassettes of particularly high fric 
tion this effect is produced during the final stage of the 
wind function, i.e., when the take-up reel is almost full 
and a large torque is desired to enable the desired wind 
ing speed to be-maintained. 
As an alternative, current supply in “wind” may be 

effected via a resistor R9 (shown in broken lines) which 
shunts the collector emitter path of the transistor T4, in 
which case the diode D2 and the resistor R3 may be dis 
pensed with. This provides the advantage that only one 
supply voltage is required. A consequent disadvantage 
is, however, that the dissipation during “play” is con 
siderably increased. 
Obviously the invention is not limited to the embodi 

ments shown in the Figures, but a large variety of 
switching devices, both mechanical and electronic, and 
voltage-responsive elements may be used to realize the 
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inventive idea. Furthermore the invention may also be 
used for reel-to-reel operation, although the advan 
tages of vthe arrangement according to the invention 
will be most clearly apparent when using cassettes. 
What is claimed is: _ 

1. Apparatus for driving a tape-shaped record carrier 
between ?rst and second tape reels comprising, two di 
rect-current motors which each serve to drive a tape 
reel, a source of supply voltage having a pair of termi 
nals, circuit means coupling said motors to the supply 
source for controlling said motors for rapid and simul 
taneous unwinding of the record carrier from one reel 
and winding it on to the other reel and vice versa such 
that the torque produced by the motor of the take-up 
reel is opposed by the torque produced by the motor of 
the take-off reel, said circuit means including means 
connecting one end of each of the two motor windings 
together and to one of the terminals of said supply 
source via a common impedance during a fast forward 
and rewind cycle and the other end of the winding of 
the take-up motor to the other terminal of the supply 
source and the other end of the winding of the take-off 
motor to said other terminal of the supply. source via a 
voltage-dependent element so that the voltage across 
said voltage-dependent element is equal to the sum of 
the voltages across the two motor windings, said ele 
ment having an impedance characteristic which, at 
least above a given voltage level, decreases with in 
creasing voltage. 

2. Apparatus as claimed in claim 1 wherein the volt 
age-dependent element comprises a Zener diode. 

3. Apparatus as claimed in claim 2, further compris 
ing a second Zener diode connected in series opposi 
tion with the first Zener diode, the said circuit means 
directly connecting the series-opposition combination 
of Zener diodes to the other ends of the windings of the 
two motors. , ' 

4. Apparatus as claimed in claim 3 wherein the two 
Zener diodes are connected with their polarities ar 
ranged so that the Zener diode coupled to the winding 
of the take-off motor is connected in the forward direc 
tion for the voltage set up across the two motor wind 
ings. 

5. Apparatus as claimed in claim 4, wherein the junc 
tion point of the two Zener diodes is connected via a 
switch to the one ends of the two motor windings con 
nected to the common impedance, and-means for se 
lectively closing the switch to provide a short-circuit 
path across the winding of the take-off'motor via the 
switch and one Zener diode for rapidly braking the 
movement of the record carrier. 

6. Apparatus as claimed in claim 4 further compris 
ing means connecting the junction point of the two 
Zener diodes to a point of constant potential via a resis 
tor and a switch which is closed during a play opera 
tion. 

7. Apparatus as claimed in claim 1 wherein the com 
mon impedance comprises a resistor. 

8. Apparatus as claimed in claim 7 further compris 
ing a rectifying element, and means connecting said 
one end of the motor windings to a point of constant 
potential via said rectifying element so that for a play 

, operation the supply current for the take-up motor 
winding is supplied from said point of constant poten 
tial via the rectifying element and so that during the 
wind operation the rectifying element is normally cut 
off and begins conduction only if the voltage across the 
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winding of the take-up motor drops below a given 
minimium value whereby the rectifying element passes 
a supply current for the take-up motor winding. 

9. A tape driveapparatus comprising, a source of 
supply voltage having first and second output termi 
nals, first and second motors having first and second 
windings, respectively, and adapted to drive first and 
second tape reels, respectively, means connecting a 
first end of the ?rst winding to a first end of the second 
winding to form a junction point therebetween, second 
means connecting the junction point to the first termi 
nal of the supply source via a common impedance‘ 
means, voltage dependent means, and switching means 
coupled to the voltage dependent means and to the sec 
ond ends of the first and second windings and having 
first and second states, said first state connecting the 
second end of the first winding to the second terminal 
of the supply source and the second end of the second 
winding to the second terminal of the supply source via 
said voltage dependent means, said second state con 
necting the second end of the second winding to the 
second terminal of the supply source and the second 
end of the first winding to the second terminal of the 
supply source via said voltage dependent means, 
whereby the sum of the voltages across said first and 
second windings is held constant and is applied across 
said voltage dependent means to maintain the sum of 
the speeds of the first and second motors constant. 

10. Apparatus as claimed in claim 9 wherein said 
voltage dependent means comprises a zener diode. 

11. Apparatus as claimed in claim 9 wherein said 
voltage dependent means comprises first and second 
zener diodes connected in series opposition between 
the second ends of said first and second windings. 

12. Apparatus as claimed in claim 11 wherein said 
common impedance means comprises a resistor. 

13. Apparatus as claimed in claim 11 further com 
prising a switch connected between the junction point 
of the first and second zener diodes and said junction 
point between the first and second windings, and means 
for selectively operating the switch to an open condi 
tion during the play and wind operations and to a 
closed condition to initiate a motor braking operation 
to stop the movement of the tape. 

14. Apparatus as claimed in claim 9 further compris 
ing diode means coupled to the second ends of said first 
and second windings and to the second terminal of said 
supply source via said switching means during a stop 
condition of the tape thereby to provide paths for cur 
rents of opposite polarities to flow through said first 
and second windings to provide opposed motor torques 
for maintaining tension in the tape. 

15. Apparatus as claimed in claim 9 wherein said sec 
ond connecting means comprises a controlled switch 
coupled between the junction point and the common 
impedance means. 

16. Apparatus as claimed in claim 15 further com 
prising a diode connecting said junction point to a point 
of constant voltage, means for selectively operating the 
controlled switch into a closed condition during a wind 
operation and into an open condition during a play op 
eration, said diode being normally conductive during a 
play operation to supply current to said motor windings 
and being normally cut-off during a wind operation 
until the voltage across‘ the winding of the take-up 
motor drops below a given level whereupon the diode 



l1 
conducts to supply additional current to the take-up 
motor winding from said point of constant voltage. 

17. Apparatus as claimed in claim 16 wherein said 
voltage dependent means comprises ?rst and second 
zener diodes connected in series opposition between 
the second ends of said first and second windings. 

18. Apparatus as claimed in claim 17 further com 
prising diode means coupled to the second ends of the 
said first and second windings, a second controlled 
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switch, and means including said second controlled 
switch for coupling said diode means to the second ter 
minal of the supply source, said controlled switch being 
selectively operated into cut-off during a wind or play 
operation and into conduction during a stop operation 
to provide current paths to allow the ?ow of opposed 
currents through said ?rst and second windings. 

* * * * * 


